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The skin and the intestinal mucosa form surfaces to
external environments and share similarities in ana-
tomic structure and immunologic defense. In healthy
humans, intestinal g/d T cells express a highly
restricted g/d T cell receptor repertoire whereas g/d
T cells of the skin were thought to express a polyclo-
nal repertoire. Herein we report, using complemen-
tarity-determining region 3 size spectratyping and
nucleotide sequencing of T cell receptor DV1 and
DV2 rearrangements, that the human skin is also
composed of clonally expanded g/d T cells that are
widely distributed. Identical complementarity-deter-
mining region 3 pro®les and T cell receptor d rear-
rangements were found in two separate skin samples
that were obtained as far as 2±10 cm apart.
Furthermore, analysis of peripheral blood mononuc-
lear cells of these subjects clearly demonstrated that
the skin harbors a unique population of g/d T cells
that is distinct from that in the peripheral blood. In
addition comparable data were obtained irrespective
of whether DNA or RNA was analyzed, indicating
that the observed oligoclonality is not secondary to
the expression of large amounts of mRNA from a
few activated cells. Thus, g/d T cells of the skin and
the intestine both express an oligoclonal repertoire
that enables them to respond to a variety of deleter-
ious antigens without the need for diverse T cell
receptors, possibly by recognition of stress-induced
self-antigens or of conserved foreign antigens. Key
words: clonal expansion/oligoclonality/T lymphocytes. J
Invest Dermatol 116:275±280, 2001
C
ells bearing the g/d T cell receptor (TCR) comprise
a population of lymphocytes in organs such as the
skin, the lung, and the epithelium of the intestinal
and genito-urinary tract where they are strategically
located to contribute to the initial defense against
infections. g/d T cells recognize nonpeptide, nonprocessed antigen
and might form a bridge between innate and acquired immunity
(Mak and Ferrick, 1998; Hayday, 2000). In human gut g/d T cells
express a highly oligoclonal repertoire (Chowers et al, 1994;
Holtmeier et al, 1995, 1997) and are thought to recognize self-
associated molecules induced on stressed or transformed epithelial
cells (Groh et al, 1998, 1999).
In mice, intraepidermal g/d T cells form the major population of
CD3+ cells and are known as dendritic epidermal T cells (DETC)
(Stingl et al, 1987; Tigelaar et al, 1990; Boismenu et al, 1996). They
express an extremely limited g/d TCR repertoire with virtually
exclusive usage of single Vg and single Vd genes and canonical
junctional regions with almost no N-region additions (Asarnow
et al, 1988, 1989). It has been suggested that murine epidermal g/d
T cells recognize self-antigens produced by skin-derived keratino-
cytes and participate in the immune surveillance for cellular damage
rather than for foreign antigens (Havran et al, 1991; Boismenu et al,
1996). g/d T cells are also present in the murine dermis. As they
exhibit several features that are distinct from the intraepidermal
g/d T cells, it is not known whether dermal g/d T cells are the
precursors of DETC (Tamaki et al, 1996).
In normal human skin less than 2%±5% of CD3+ cells are
present within the epidermis whereas over 95% are localized in the
dermis (Bos et al, 1990; Elbe et al, 1996). In the dermis, g/d T cells
form on average only 2%±9% of the total number of CD3+ cells
whereas a/b T cells constitute up to 80% (Bos et al, 1990; Fujita
et al, 1993). Both cell types are located mainly in the papillary
dermis and particularly at perivascular sites. In the epidermis about
60% of CD3+ cells express the a/b TCR and 18%±29% the g/d
TCR (Bos et al, 1990; Foster et al, 1990; Elbe et al, 1996). Others,
however, have reported that less than 0.1% of CD3+ intraepi-
dermal lymphocytes express the g/d TCR (Dupuy et al, 1990;
Fujita et al, 1993). Furthermore, g/d T cells lack the characteristic
dendritic shape of DETC. Thus, the situation in human skin is
substantially different from that described in murine skin and it was
concluded that an equivalent of the murine DETC does not exist in
humans (Alaibac et al, 1993; Elbe et al, 1996). The functions of g/d
T cells in human skin are not known. These cells might play an
important role in granulomatous diseases as their numbers are
signi®cantly increased in American cutaneous leishmaniasis and
leprosy. In addition they were reported to express a limited g/d
TCR repertoire within the skin lesions (Modlin et al, 1989;
Uyemura et al, 1991, 1992).
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Very little data are available about the molecular diversity of the
g/d TCR repertoire in normal human skin and no study has
compared the junctional diversity of cutaneous and peripheral g/d
T cells within the same healthy subject. Similar to mice, cutaneous
g/d T cells express a restricted set of V (TCRDV2) and J
(TCRDJ1) region genes (Uyemura et al, 1991; Alaibac et al, 1993,
1997), which are also the predominant regions expressed by g/d T
cells of the peripheral blood (Borst et al, 1989). In contrast to
DETC of mice, however, the junctional regions of human g/d
TCR of the skin are very complex and contain multiple N-region
additions (Uyemura et al, 1991; Alaibac et al, 1993). Based on the
analysis of a small number of sequenced clones, the g/d TCR
repertoire of normal human skin was reported to be diverse
(Uyemura et al, 1991; Alaibac et al, 1993) and indistinguishable
from that in the peripheral blood (Alaibac and Chu, 1996). Herein
we report, using complementarity-determining region 3 (CDR3)
spectratyping and nucleotide sequencing of TCRDV1 and
TCRDV2 rearrangements, that the human TCR d repertoire
from normal skin containing dermis and epidermis is highly
restricted, and identical dominant TCR d rearrangements could be
identi®ed in separate skin areas. Furthermore, the g/d TCR
repertoire of skin lymphocytes was not determined by random
sampling of peripheral blood lymphocytes as different TCR d
repertoires were present in both compartments.
MATERIALS AND METHODS
Sample collection Full-thickness skin samples containing the epidermis
and dermis were obtained from seven subjects aged 40±73 y. Skin samples
were approximately 10 mm 3 10 mm in size and were immediately snap
frozen in liquid nitrogen. The subjects had an excision of a nonmetastatic
malignant melanoma with a skin penetration of less than 1.1 mm (subjects
A, B, C, F, and G) or were operated for cosmetic reasons (subjects D and
E). All patients were tumor free after a 2 y follow-up and the skin samples
used in these studies were approximately 5 cm apart from the tumor. We
always analyzed two skin samples, which were 2±10 cm apart, and two
blood samples that were taken from each subject on the same day. Only
one peripheral blood mononuclear cell (PBMC) sample was available from
subject G. PBMC were isolated using a Ficoll density gradient. RNA was
extracted from ®ve subjects (A±E) (Holtmeier et al, 1995, 1997) and
genomic DNA was obtained from two additional subjects (F and G) (Laird
et al, 1991). PBMC of these subjects were treated analogous.
Polymerase chain reaction (PCR) ampli®cation of TCR d
transcripts and genomic DNA For PCR ampli®cation of the
CDR3 domains of TCR d transcripts, 2±5 mg of total RNA was reverse
transcribed into cDNA (Holtmeier et al, 1997), after which 2 ml aliquots of
the 20 ml reverse transcription reaction were ampli®ed in 100 ml using
25 pmol of a 5¢ primer for TCRDV1, TCRDV2, or TCRDV3, and
25 pmol of 3¢ primer for TCRDC (Cd). TCR d rearrangements were also
ampli®ed with Taq Polymerase (Gold Taq, Perkin Elmer, D64331,
Weiterstadt, Germany) from approximately 100 ng genomic DNA using
the same TCRDV 5¢ primer and a 3¢ primer speci®c for the intron of
TCRDJ1 or TCRDJ3. After an initial hot start, ampli®cation of TCRD
rearrangements consisted of 37 cycles of 40 s at 94°C, 50 s at 61°C, and
1 min at 72°C, followed by a ®nal extension for 10 min at 72°C. This
resulted in PCR products of 150±250 bp in length: TCRDV1, CAG CCT
TAC AGC TAG AAG ATT CAG C; TCRDV2, GCA CCA TCA GAG
AGA GAT GAA GGG; TCRDV3, TCA CTT GGT GAT CTC TCC
AGT AAG G; TCRDC, AAA CGG ATG GTT TGG TAT GAG GC;
TCRDJ1, CCT TAG ATG GAG GAT GCC TTA ACC; TCRDJ3,
CAG TGC CAG GAC TCA AAT TAT CCC.
CDR3 spectratyping For analysis of the distribution of CDR3 lengths,
2±3 ml from each PCR reaction were mixed with formamide loading buffer
and heat denatured for 2 min at 95°C, after which the PCR products were
size separated on a 6% denaturing polyacrylamide gel and visualized by
silver staining (Silver Sequence DNA staining reagents) under conditions
recommended by the manufacturer (Promega, Madison, WI). Bands were
photographed by exposing polyacrylamide gels for 8±15 s to an Automatic
Processor Compatible Film (Promega Silver Sequence).
Direct sequencing of individual CDR3 length bands For direct
sequencing of TCR d rearrangements, individual dominant bands were
excised from the gels and incubated at room temperature in 50 ml sterile
distilled H2O, after which 5 ml aliquots were reampli®ed for 30±35 cycles
using the same primers and PCR conditions described above. Double
stranded PCR products were directly sequenced using the ABI automatic
sequencer 310 and the ABI Prism Dye Terminator Cycle Sequencing
Ready Reaction Kit with AmpliTaq DNA Polymerase, FS (Perkin-Elmer),
according to the conditions recommended by the manufacturer. For
sequencing, the 3¢ primer, which was used for the PCR ampli®cation, was
taken.
Sequence analysis and calculation of CDR3 lengths Nucleotide
sequences were analyzed using PC/Gene and OMIGA software (Oxford
Molecular, Cambridge, U.K.). The lengths of the CDR3 domains of
translated TCR d chains were calculated as described before (Rock et al,
1994; Holtmeier et al, 1995, 1997). This calculation is arbitrary as the exact
borders of the CDR3 region are not de®ned and different calculations are
used by other groups. By de®nition, the distance was calculated between
the conserved cysteine C, which is encoded near the 3¢ end of TCRDV
regions, and the conserved GXG triplet, which is encoded by all TCRDJ
regions, and 8 amino acids were subtracted (Rock et al, 1994). For
example, the CDR3 region included in the sequence TCRDV1,
CALGEQRNPLVNWTAQLFFGQG, which is 22 amino acids long,
has a CDR3 length of 14 amino acids (22 ± 8 = 14).
RESULTS
In this study we analyzed the TCR d repertoire of normal human
skin from seven subjects (A±G) by CDR3 size spectratyping and
compared it with that of matched blood samples. This approach
allowed us to distinguish between the rare resident g/d T cells and
blood-derived g/d T cells that are present in the capillaries of the
skin samples. As we analyzed the entire skin, our study did not
differentiate between g/d T cells of the epidermis and dermis. The
incidence of g/d positive cells in the human epidermis is almost
negligible (Dupuy et al, 1990; Fujita et al, 1993), and within a full-
thickness skin sample, as used herein, most TCR d transcripts were
likely to be derived from the dermis. As a rare skin population like
g/d T cells potentially results in an oligoclonal repertoire (only a
few g/d T cells might be present in a skin sample), we controlled
for this potential problem by analyzing a second skin sample
(2±10 cm apart) where we could routinely identify the same CDR3
length pro®le and also identical, complex TCR d transcripts (see
below). The repeated isolation of the same TCR d rearrangement
in two different samples is almost certainly due to the clonal
expansion of a single rearranged g/d T cell, as independent
rearrangements in individual T cells rarely result in identical
complex junctional regions. We further analyzed RNA and DNA
to demonstrate that oligoclonality is not just the result of the
ampli®cation of a few activated g/d T cells that transcribe large
amounts of mRNA.
g/d T cells of human skin express an oligoclonal repertoire
and are widely distributed The CDR3 length distribution of
ampli®ed TCRDV1 and TCRDV2 transcripts from normal skin
yielded dominant bands representing clonally expanded g/d T cells
(Fig 1). Furthermore, cutaneous g/d T cells were not just locally
expanded but also more widely distributed as a very similar CDR3
pro®le with identical dominant bands was present in the second
skin sample, which was about 2±10 cm apart. To prove that
dominant bands with an identical CDR3 length contain identical
TCR d rearrangements, we reampli®ed and directly sequenced
those bands. We succeeded in obtaining 18 pairs of identical
TCRDV1 or TCRDV2 rearrangements that were present in both
skin samples (Fig 2). In only one case (subject B, TCRDV2,
CDR3 length 11) were two distinct TCR d rearrangements
obtained from the two corresponding skin samples. PCR
ampli®cation of cutaneous TCRDV3 transcripts gave a very low
or even no yield, whereas peripheral TCRDV3 transcripts gave a
strong ampli®cation product (data not shown), indicating that
TCRDV3-expressing g/d T cells are extremely rare in human skin.
g/d T cells of the skin and the peripheral blood represent
distinct populations g/d T cells are rare in the normal human
skin (Alaibac et al, 1992, 1997). Thus, it is possible that some of the
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Figure 1. CDR3 size spectratyping of TCR d transcripts in normal human skin and PBMC. From ®ve subjects (A-E) PCR-ampli®ed TCRDV1
and TCRDV2 transcripts from two skin samples (I and II) as far as 2±10 cm apart and two PBMC samples (I and II) were run concurrently on the same gel.
As shown, skin samples I and II analyzed for DV1 or DV2 yielded an almost identical, restricted band pattern that was distinct from that in the PBMC
samples. Direct sequencing of dominant DV1 or DV2 bands of the same length in skin samples I and II, as indicated by the CDR3 length numbers to the left
of the gels, revealed identical TCR d transcripts. Numbers to the right of the gels indicate the CDR3 length of sequenced TCR d transcripts from PBMC
samples (see Fig 2). CDR3 lengths of translated TCR d transcripts were calculated as described in Materials and Methods. Subjects A, B, and C had an excision
of a nonmetastatic malignant melanoma and subjects D and E were operated for cosmetic reasons.
Figure 2. TCRDV1 and TCRDV2 junctional sequences from the skin and PBMC. Dominant bands from Fig 1 were excised, reampli®ed, and
directly sequenced. The 3 in the fourth column indicate identical CDR3 rearrangements in the two skin samples and/or the two PBMC samples. For
example, the sequence MP054 (®rst lane) from subject A with a CDR3 length of 14 was found in skin samples I and II. A total of 18 pairs with identical
sequences in both skin samples could be identi®ed. TCR d rearrangements that were found in the skin and the peripheral blood are likely to be derived from
circulating g/d T cells that were present in capillaries of the skin (e.g., sequence WE076, TCRDV1, subject B, CDR3 length 19). P nucleotides are
underlined and germline sequences are indicated at the top in boldface type. Sequence data are available from EMBL/GenBank/DDBJ under the accession
numbers AF312272 to AF7312282 (DV1) and AF312283-AF312295 (DV2).
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TCR d transcripts that we recovered from the skin samples were
derived not from resident g/d T cells but from circulating g/d T
cells that were present in the capillaries of the skin sample.
Furthermore, peripheral g/d T cells have been reported to express
an oligoclonal repertoire (Beldjord et al, 1993; Giachino et al, 1994;
Holtmeier et al, 1995; Shen et al, 1998), which could further
in¯uence the analysis of cutaneous g/d T cells. To address this
potential problem we always obtained analogous data from PBMC
that were taken at the time of operation. As shown in Fig 1 most
CDR3 pro®les of the PBMC samples were also restricted and
clearly distinct from the CDR3 pro®les of the skin, indicating that
the repertoires are distinct from each other. Only in a few cases
were similar CDR3 pro®les and dominant bands of identical length
found in both compartments (PBMC and skin). Sequence analysis
of these bands revealed in three cases identical (Figs 1, 2, DV1
subject B, CDR3 length 19 and 16, and subject E, DV2, CDR3
length 11) and in two cases distinct (DV1, subject E, CDR3 length
19, and DV2, subject A, CDR3 length 13) TCR d rearrangements.
In the case of subject B an additional dominant TCRDV1 band
with a CDR3 length of 15 was exclusively present in the two skin
samples but not in the PBMC (Fig 1). This band was therefore
almost certainly derived from resident g/d T cells and not from
peripheral g/d T cells. Thus, our approach allowed us to identify
dominant TCR d rearrangements that are only present in the skin
samples. Of course it is likely that some minor spectratypes contain
additional TCR d transcripts that are present in the skin and the
blood.
Figure 3. CDR3 size spectratyping of TCR d rearrangements
ampli®ed from genomic DNA. From two additional subjects (F and
G) DNA was isolated from skin and PBMC and ampli®ed with a
TCRDV2 speci®c primer and a primer speci®c for the intron of TCRDJ1
or TCRDJ3. Similar to the ampli®cation of cDNA (Fig 1), oligoclonal
CDR3 pro®les and identical nucleotide sequences (Fig 4) were obtained
from the two skin samples, con®rming that restricted CDR3 pro®les are
not secondary to highly activated g/d T cells producing high amounts of
mRNA.
Figure 4. TCRDV2 junctional sequences derived from genomic DNA. Dominant bands from Fig 3 were excised, reampli®ed, and directly
sequenced. Similar to TCR d transcripts (Fig 2) identical TCR d rearrangements could also be isolated from DNA preparations of the skin samples I and II.
Sequence KS5291 (subject F, TCRDV2) with a CDR3 length 17 was out of frame as indicated by an asterisk. Sequence data are available from EMBL/
GenBank/DDBJ under the accession numbers AF312296-AF312303.
Figure 5. Amino acid sequences of cutaneous and peripheral TCR d
chains. (a) Translated TCR d rearrangements from RNA (Fig 2) and (b)
DNA preparations (Fig 4) are shown. Hydrophobic amino acids V, L, and I
at codon 97 are highlighted in gray.
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Oligoclonality of cutaneous g/d T cells is not secondary to
the expression of large amounts of mRNA from a few
activated cells The major bias introduced by analysis of
transcripts is the danger that they preferentially represent
activated T lymphocytes. To address this problem we isolated
DNA from the skin and PBMC from two additional subjects (F and
G, Fig 3). TCR d rearrangements were ampli®ed from genomic
DNA using a TCRDV2 and an intron speci®c primer for TCRDJ1
or TCRDJ3. TCRDV2 was chosen as it is the dominant Vd region
expressed by g/d T cells of human skin (Uyemura et al, 1991;
Alaibac et al, 1993). Similar to the ampli®cation of TCR d
transcripts (Fig 1) an oligoclonal CDR3 pro®le, which was almost
identical in the second skin sample and distinct from the peripheral
blood, was observed. Sequence analysis con®rmed identical TCR d
rearrangements in both skin samples (Fig 4). Thus, analogous data
were obtained from RNA and DNA isolations.
Molecular features of cutaneous TCR d transcripts The
TCRDV1 and TCRDV2 rearrangements from RNA (Fig 2) and
DNA (Fig 4) isolations were highly complex with multiple N-
region additions and D-gene segment usage. No identical sequences
were present between the subjects and no identical sequences were
found by searching the GeneBank database (BLAST-search 2.1 at
NCBI, HTTP://www.ncbi.nlm.nih.gov:80/BLAST/). TCRDJ1
was the dominant DJ region among cutaneous TCRDV1 and
TCRDV2 transcripts. TCRDJ2 and TCRDJ3 were found only
once among TCRDV1 transcripts whereas DJ3 was found twice
among TCRDV2 transcripts (Fig 2). Translation into the
corresponding amino acid sequences (Fig 5) did not reveal a
common CDR3 motif shared by different TCR d rearrangements.
The previously described hydrophobic amino acids valine, leucine,
or isoleucine, which are encoded by the ®rst codon of the
junctional region [position 97 according to Kabat et al (1991)] in
more than 85% of peripheral TCRDV2-TCRDJ1 rearrangements
(Breit et al, 1994), were present in only two out of 10 skin-derived
sequences but in three out of three PBMC-derived sequences.
TCR d transcripts present in the blood and the skin were treated as
blood derived. These data further support the notion that g/d T
cells of the skin represent a subpopulation that is distinct from
circulating g/d T cells.
DISCUSSION
The skin and the gut routinely encounter a variety of insults as a
result of constant exposure to the environment and must support a
number of mechanisms for protection (Mowat and Viney, 1997;
Robert and Kupper, 1999). In this study we demonstrate that g/d T
cells of human skin express an oligoclonal repertoire that enables
them to respond to a variety of deleterious agents without the need
for diverse TCR, possibly by recognition of stress-induced self-
antigens that are expressed on damaged cells or by the recognition
of conserved, foreign antigens. Thus, an oligoclonal g/d TCR
repertoire does not necessarily implicate a malignant transformation
or infection as it occurs already under physiologic conditions. Our
results are in contrast to those of others that described a polyclonal
g/d TCR repertoire in normal skin and an accumulation of clonally
expanded g/d T cells only in various in¯ammatory skin lesions
(Modlin et al, 1989; Uyemura et al, 1991; 1992; Alaibac et al, 1993).
In those studies, however, no (Modlin et al, 1989; Uyemura et al,
1992) or only a few healthy controls with very little sequence data
were included (Uyemura et al, 1991; Alaibac et al, 1993). CDR3
size spectratyping, as used in this study, gives a more complete
picture of the entire repertoire whereas random cloning and
sequencing of a small number of TCR d rearrangements has the
danger of sampling errors.
Previous studies have suggested that cutaneous g/d T cells are
just a subpopulation of circulating g/d T cells, as TCRDV2 is
preferentially expressed at both sites (Borst et al, 1989; Uyemura
et al, 1991; Alaibac et al, 1993) and the same hydrophobic amino
acids were found at position 97 of TCRDV2-TCRDJ2 junctional
regions in normal skin (Alaibac and Chu, 1996) and peripheral
blood (Breit et al, 1994). Our analysis, however, which is the ®rst
study to compare the molecular diversity of peripheral and
cutaneous TCR d rearrangements within the same subject, could
clearly demonstrate that cutaneous g/d T cells are not simply in
equilibrium with peripheral g/d T cells. (i) Different TCR d
repertoires, as shown by different CDR3 pro®les, were present in
both compartments. (ii) The conserved hydrophobic amino acids at
codon 97 that are often found in peripheral TCRDV2-TCRDJ1
rearrangements (Breit et al, 1994) were rarely present in normal skin
and this was also the case in another study (Uyemura et al, 1991).
Occasionally we identi®ed the same TCR d rearrangement in the
skin and the peripheral blood. We do not know, however, whether
these were derived from recirculating cells homing back to the skin
(Robert and Kupper, 1999) or from dominant peripheral g/d T
cells that happened to be present in the capillaries of the skin. It is
more likely that shared TCR d rearrangements were derived from
the peripheral blood pool as the frequency of recirculating g/d T
cells is probably extremely low and would therefore not be
detected in the PBMC samples by our method.
Our studies do not answer the question whether clonal g/d T
cells are replenished from local proliferation or via circulating cells.
We favor a model, however, where g/d T cells are selected for by
ligands in the skin, are expanded locally, recirculate, and lodge
throughout different areas of the skin. This is supported by our
®ndings that identical clonally expanded g/d T cells were found in
different areas of the skin as far as 10 cm apart. Future studies have
to address the question whether the g/d TCR repertoire is also
identical in very distant areas like the head and the toe. If this were
the case, local proliferation of these cells without recirculation
would be a very unlikely scenario. It remains an open question
which antigens led to the clonal expansion of these cells. Possibly
they recognize common pathogens that were previously encoun-
tered in the skin and are likely to reoccur. The recent observations
that intestinal g/d T cells recognize self-antigens rather than foreign
antigens, however (Groh et al, 1998), might indicate that this is also
the case for cutaneous g/d T cells. Damaged cells within the skin
might upregulate the expression of stress-related self-antigens that
are recognized by resident g/d T cells.
The restricted g/d TCR repertoire in human skin is clearly
different from that reported in mice, which is almost monospeci®c
and characterized by canonical junctional regions with no N-region
additions (Asarnow et al, 1988, 1989). Furthermore, only a very
minor subpopulation of CD3+ cells in the human epidermis bears
the g/d TCR (Foster et al, 1990), and the data of our study
analyzing full-thickness skin are likely to re¯ect mainly the dermal
g/d TCR repertoire as most g/d T cells are present in the dermis
(Bos et al, 1990; Foster et al, 1990). g/d T cells in the skin of mice
and humans, however, could have similar functions and the survival
and maintenance of g/d T cells could be promoted by the same or
related antigens. Our ®nding of distinct TCR d repertoires in
different subjects does not exclude the possibility that identical
antigens are recognized. Different TCR were reported to recognize
the same tumor antigens (Cole et al, 1994), and different oligoclonal
repertoires were selected in individual mice after adoptive transfer
and immunization with a well-de®ned antigen (Attuil et al, 2000).
Thus, in each individual, different cutaneous g/d T cells might have
been selected by the same antigens. The ®nding that also a/b T
cells of normal human skin express a restricted a/b TCR repertoire
(Dunn et al, 1993; Menssen et al, 2000) indicates that the
recognition of a restricted set of antigens is not unique to cutaneous
g/d T cells. Furthermore, clonally expanded a/b and g/d T cells
that populate large surfaces like the skin and the gut (Blumberg et al,
1993; Chowers et al, 1994; Gross et al, 1994; Holtmeier et al, 1995,
1997) are physiologic and probably necessary to maintain an
ef®cient immune response to the external environment.
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